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Abstract 
~ _ _ I  
With the  aim of a  better  understanding 
of both  cationic distributi,on  and  magnetic 
properties of the  uniaxial SrFe12-xCrxOlg 
hexagonal ferrites, Mossbauer spectroscopy, 
neutron  diffraction and high field  magnetiza- 
tion  measurements  have  been  carried  out.  The 
Cr3+  ions  'occupy  the  octahedral sites of the 
M  structure  with  a  preference  hierarchy  within 
them.  The  magnetic  measurements,  together  with 
the  deduced  cationic  distribution,  indicate 
that  some  sublattices  have  a  random spin can- 
ting  around  the  c-axis. 
Introduction _ _ _ _ _ _ _ _ _  
M-type  hexagonal  ferrites  have  given  ri- 
se to several  studies  because of their  sin- 
gular  magnetic  properties  which  are of consi- 
derable  scientific  and  technological  interest 
[1,2]. Perticularly, the effect of Cr substi- 
tution on the Thgnetic  properties  of M-type 
hexagonal  ferrites  has  been  already  studied 
by other  authors  [3,4] . However,),  the  main 
problems  connected  with the  cationic distri- 
bution are not  completely  solved. Therefore, 
we  decided  to undertake the study  of the ca- 
tionic  distribution in the SrFe12-xCrxOlg 
Hexagonal  ferrites by using  Mossbauer  spec- 
troscopy and neutron  diffraction  measurements. 
High  field  magnetization  measurements  have 
been performed, as well, in order to analyze 
the consequences of the  Cr substitution in  the 
magnetic  ordering  of  these  oxides. 
Experimental, 
Powder samples of SrFe12-xCrxOlg oxides 
in  the  composition  range  Osxr8  have  been  pre- 
pared  by  high  temperature  solid  state  reaction 
of SrCO- , Fe2O3 and  Cr203-, atMchiometric rna.xtu.-- 
purlty of the samples  was  verified  from  X-ray res..  The3 
powder  patterns  which  were obtained  with  a 
Guinier camera by  using  Fe K as  incident 
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radiation. 57Fe Mossbauer  spectra  were  obtai- 
ned  in the  temperature  range  between 80 K and 
800 K by using  a  constand  acceleration  spec- 
trometer.  A 10 mCi single  line  source of 
57C0 in  Rh  matrix was used.  Neutron  diffrac- 
tion  patterns of several  conpounds  in the  pa- 
ramagnetic  phase  were  obtained  at  different 
temperatures in  the  Laue-Langevin  Institute. 
The  isbthermal  magnetization  curves  in  fields 
up  to 150 KOe, in the  temperature  range  from 
4.2 K to 300 K were  obtained by  the  axial  ex- 
traction  technique  using  a  water  cooled 
Bitter  magnet  of the Service  National  des 
Champs  Intenses  in  Grenoble. 
Results  and  discussion 
a! Mossbauer  spectroscopy:  A  first re- 
port of our  Mossbauer  spectroscopy  results 
has been  given  before [5]. In figures 1 and  2 
we  show two  typical spectra obtained  in  the 
paramagnetic  and  ferrimagnetic phases, respec- 
tively.  The  Fe  content  of  the  bipyramidal 4e 
sublattice  was  easily  evaluated  from  the  para- 
magnetic spectra because of the unusually 
high  quadrupole  splitting  owing  the  Fe  ions 
located  at  this  position.  The  Fe  content  of 
the  remaining sublattices  was  deduced  from 
the magnetically  split  spectra  in  which  the 
overlap  is  much  less  important.  When Cr subs- 
titution is performed, a  progressive  broade- 
ning  of  the  Lorentzian  lines  in  the  magnetic 
spectra  is  observed.  This  broadening  is  tem- 
perature  dependent  and it is  interpreted as 
due  to a hyperfine field distribution. 
f f  
0 
P 
I I I I I I I I I 
- 4 . 0  - 3  2 - 2  4 - 1  6 -0.8 - 0  0 0 8 1 . 6  2 . L  3 2 
v e l o c ~ t y  ( m m / s )  
Fig. 1. Paramagnetic  Mossbauer  spectra of 
SrFe6Cr6019  hexagonal  ferrite. 
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Fig.2.  Room  temperature  Mijssbauer spectra of 
SrFe10Cr2019  hexagonal  ferrite. 
In ouk: fit  procedure  a  Lorentzian  hyperfine 
field  distribution was assumed. Moreover,in 
some  compounds  the  12k  octahedral  subspectra 
are split in two  inequivalent  hyperfine 
fields displaying  a  different  temperature  de- 
pendence, as has been  already  observed  in 
other  substituted  hexagonal  ferrites [ 6 ] .  In 
the  computation of the Fe  occupancy in the 
different sites it has been  supposed  that  the 
recoil free fractions  of  the  different 
57Fe cations are  the  same within the 2a,4fIV 
4fVI and  12k sublattices. The  Fe population 
of the 5-fold  sublattice has been  obtained 
from  the  relative  change  of  the  subspectrum 
area for the  different  compounds  because  the 
57Fe ions  located  at  this  site  have  lower 
f-factors  than  those  located  at  the  other  si- 
tes [ 7 ]  . 
bl Neutron  difraction:  The  atomic on-- 
tent of the  five  cationic  lattice  sites of the 
M structure has been  determined  from  a  least 
squares  refinement  of the  paramagnetic  neutron 
diffraction  data. Up to 80 Bragg  reflections 
were  measured  in  each  neutron  diffraction pat
tern. In order  to  determine  the 12 positional 
parameters and  the 5  Fermi  lengths  two diffe.. 
rent  refinement yethods have  been used: the 
Rietveld  method -81 and  the  integrated  inten- 
si-ty method.  The  Fermi  lengths (in units of 
10-12cm) of Fe (0.95) and Cr (0.352) are  dif-. 
ferent  enough to allow  a  correct  assignment 
to each  site. In figure 3 we show the  resul- 
ting Fe  population of each  site as deduced 
from  our  neutron  diffraction  and  Mossbauer 
spectroscopy  studies. A s  can be seen  in  this 
figure, the  Cr3+ ions do not  occupy  at  all 
either the 5-'fold 4e sublattice nor the te- 
trahedral 4fIV sublattice.  Only  the  octahedral 
sublattices are  simultaneously  occupied  by  the 
Fe3+ and  Cr3+  cations.Moreover,  our  results 
show that within  these  three  octahedral  su-. 
blattices  a  preference hierarchy, in  the or- 
der 2a, 12k and 4fVI does  exist  (figure 4). 
The preference of C r 3 +  ions for the  octahe- 
dral  sites can be well  understood taking  into 
account  the  well-known  crystal  field  stabili- 
zation of these  ions  in  octahedral evironments 
The  origin of the  preference  hierarchy  within 
the  three  octahedral sites may be  related to 
the  different  asgmmetry  degree  and  crystallo- 
graphic  features of these sites [ g ]  . 
c! High  field  magnetization  study:  With 
the  aim of a  better  understanding of the rela- 
tionship  between  the  magnetic  structure  and 
the  Cr3+ location, isothermal  magnetization 
curves  have  been  obtained.  Intrinsic  magnetic 
parameters,  such as saturation  magnetization 
PIo and high  field  differential  susceptibility 
X, have  been  deduced  from  a  numerical  analysis 
of the magnetization curves [lo]. The  composi- 
tion  dependence  of  the  experimental  Mo  values 
at T = OK is represented  in  figure 5,together 
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Fig.3. Iron content of the  five  sublattices 
of SrFe12-xCrxOlS oxides; Mossbauer; 
neutron  diffraction. 
Fig.4. Chromium  content  of the  three  octahe- 
dral  sublattices. 
with  the  theoretical values obtained  assuming 
a Gorter-type  collinear  magnetic  structure 
and  the cationic  distribution  deduced  from 
our neutron  diffraction  and  Mossbauer  spec- 
troscopy  studies.  Spin-only  magnetic  moments 
have  been  assumed  in  these  calculations: 
f i  (Fe3+) = 5 pB, p(Cr3+) = 3 lB. High 
field  differential  susceptibilities x were 
observed for all the compounds  with x f 0 in 
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in  all  the  studied  temperature  range.  The  de- 
pendence of on temperature for different 
compounds  is  represented  in  figure 6. 
X 
Fig.5. Saturation  magnetization at T = OK 
as a  function of the Cr content, x: E: expe- 
rimental values; T : theoretical  values. 
Both the low  Mo  values  experimentally 
obtained  and  the  appearence of a  high  field 
differential  susceptibility  indicate  that  the 
magnetic  structure  of  these  compounds  is  not 
Collinear. Nevertheless, neutron  diffraction 
patterns  obtained  below Tc [3,11] have  shown 
that  the  long  range  ferrihlagnetic ordering  re- 
mains  collinear  and  directed  along  the  c-axis. 
Therefore, the  results of our thermomagnetic 
study can only be  interpreted  in  terms  of  a 
random  canting of the spins  around the c-axis. 
In this way, the  c-axis  component  of  the  mag - 
netic  moments has a long  range  ferrimagnetic 
ordering  while the  planar components aredisor- 
dered  within  the a-b plane.  The  observation of 
a high field  differential  susceptibility  ex- 
clud:s the  ppssibility of a  random  spin  rever-. 
sal  ;3,12,13i .
As a  matter  of fact, from  the strong  de- 
crease of the Tc values r3,4]  and  the selec- 
tive  distribution of Cr3' cations it becomes 
clear t ha t ; . soma l in%ersub la t t i ce  xchang95nth:?mc~+- 
tions  are  atrongly  diminished. Moreover, pre- 
vious studies  on mixed oxides  [12-141  suggest 
that  when  Cr3+  ions  are  introduced  in  the  lat- 
tice  the near 1800  antiferromagnetic  superex- 
change  interactions  are  strongly decreased,or 
even  change sign, wile  the 900  interactions 
remain  strongly ahtiferromSgne.t&c ,Therefore, 
the appearance of localized  spin  canting  may 
be expected  as  a  consequence of the relative 
increase of the  competing  interactions[,l5,161 
Due to  the fact that  the difference 
M& (OK) -. Mg (OK) remains  positive  throughout 
the  solid solution, it can  be  concluded  that 
the spin canting  appears  mostly  in  the spin up 
sublattices, namely 12k, 2a  and 4e.  Among 
these  sublattices  the  12k has the higher de- 
gree of frustr$$kgn- beiixugcn this  way  strongly 
affected by  the  decrease of the  12k - 4fVI 
interaction [6,17] . Therefore, ;;.ski. canted 
state  will  immediately  appear for some  12k  Fe 
ions. This magnetic  inequivalency of the  Fe 
12k  ions  leads  to  the  observed  splitting of 
their  hyperfine  field  in  the  Mossbauer s p o t c a  
20 I_c____ 
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Fig.6.  Temperature  dependence of the  high 
field  differential susceptibility,for dif- 
ferent x values. 
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